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2. Subjects judged whether they had been thinking or dreaming while asleep, independent of amount of recall. Dreaming was reported in 87% of REM awakenings and 41% of NREM awakenings. In 'contrast to this, "thinking" was reported for only 8% of REM awakenings and for 19% of NREM awakenings. Considering only those reports where the subject was able to recall a specific element of content the rate of "thinking" reports dropped to 6% for REM awakenings and rose to 27% for NREM awakenings.
3. Subjects described 74% of REM experiences as "vivid" in contrast to. 24% of 1'.'REM experiences so described.
4. 61% of REM experiences were described as primarily visual as compared with 40% of NREM experiences. Only 16% of REM experiences were described as having been primarily conceptual in contrast to 36% of NREM experiences so described. Frequency of auditory reports was similar for REM awakenings (17%) and NREM awakenings (13%).
5. Subjects said they experienced some volitional control over their mental processes during sleep in 25% of REM awakenings in contrast to 31 % reported volitional control for NREM awakenings.
6. 37% of REM experiences were rated bizarre or implausible, while only 6% of the NREM experiences were so rated. Although the difference was significant at only the .06 level of confidence, subsequent experience convinces us that this difference is not a sampling artifact.
7. REM experiences more frequently contained places, events and people associated with earlier periods of the subject's life than did NREM experiences. NREM experiences were usually described as dealing with the subject's contemporary life. The difference here, however, reached significance at only the .08 level of confidence.
8. Subjects judged whether they had been in deep sleep as compared with light sleep, dozing, or awake. Fifty-one per cent of REM awakenings elicited reports of deep sleep as compared with only 25% of the NREM awakenings.
9. Subjects were not asked to report whether their sleeping mentation was pleasant or unpleasant or whether it was emotional or unemotional. However, whenever possible, transcripts of their waking reports were so classified by two judges who were naive as to whether an awakening had been made following REM or NREM sleep. Only those reports were used where both judges could agree on the classification. This limitation, in addition to the limitation imposed by Cochran's test, reduced the number of subjects whose results could be used for statistical analysis to nine for the pleasant-unpleasant analysis and seven for the emotional-unemotional analysis. Nevertheless, the results of these subjects were unambiguous. Only 38% of the REM reports were judged pleasant as compared to 63% of NREM reports; 74% of REM reports were judged emotional as compared with 20% of NREM reports.
Whiletime prohibits detail, we would like to mention a comparable study done in Kamiya's laboratory by Foulkes (11) . Foulkes utilized an intensive interviewing technique during awakenings, which was designed to elicit a maximum of recall. Compared to our own very structured questionnaire, Foulkes' technique is more likely to elicit confabulated material, but has the merit of encouraging reports of even the most fleeting mentation. N evertheless, the degree of similarity in the results of the two experiments was striking. In every instance where the variable being measured was comparable, i.e., recall, thinking-dreaming, vividness, visualconceptual, volitional control, plausibility, time referent, and emotionality, Foulkes' results were in the same direction as ours. The two studies were done entirely independently, and neither in-vestigator knew the variables the other was studying.
In summary, as compared with REM mentation, subjects report NREM mentation as more poorly recalled, more like thinking and less like dreaming, less vivid, less visual, more conceptual, under greater volitional control, more plausible, more concerned with their contemporary lives, occurring in lighter sleep, less emotional, and more pleasant. Our impression is that NREM mentation resembles that large portion of our waking thought which wanders in seemingly disorganized, drifting, non-directed fashion whenever we are not attending to external stimuli or actively working out a problem or a daydream.
The following NREM report highlights the analogy:
"This time I recall no dreaming at all. 'Thought' I guess you would call it. These thoughts, there was no obvious correlation between them. They were just various things that I would like to do, going from wanting a sailboat, say, which is one of them, to doing something with various interests, chemistry particularly, and metallurgy, which I happen to be interested in. Then it would drift back to the sailing. Then I would think about school-going back to school. They were all things that are either very important to me or were very relevant to the near future." Not all NREM reports so clearly resemble thought. More often, NREM reports have the qualities of the above report with some of the qualities we usually attribute to "dreams". Whether one wishes to classify such reports as "dreams" is a matter of definition.
One possible discrepancy in our analogy between NREM reports and waking mentation is the almost uniform poor recall for NREM mentation. However, it is our impression, as yet unsubstantiated by sufficient research, that memory for waking thought is not so great as might be .assumed, Memory seems closely linked to vividness of imagery. You may remember what you have seen, heard, and tasted, but how well can vou remember thoughts you had while brushing your teeth this morning, apart from the visual image of your face in the mirror? On the few occasions when we have questio?ed subjec~s who had been lying qmetly awake III bed, we found that their recall for immediately preceding mentation generally failed to approximate the eleborate, detailed accounts characteristic of REM reports.
How can we be sure that NREM reports are not either attempts to please the examiner, memories of earlier dreams memories of prior waking thought, ment ation experienced in the act of awakening, or confabulations? The correspond, ence of eye-movements and incorporated stimuli to subsequently reported dream imagery temporally locates the REM experience, but no such temporal landmarks have heretofore been reported for NREM reports. Kremen (15) suggested that NREM reports increase when subjects are biased to believe that they will be awakened only from dreams. This finding is not sufficient evidence for the artifactual nature of NREM reports, since subjects may be willing to report fleeting, poorly formed mentation only when they are under some pressure to give a report. In the absence of criteria of mentation other than recall, we have no absolute basis for selecting one method of eliciting recall over another.
Two lines of evidence suggest that at least some mental activity reported on NREMawakenings did indeed occur during NREM periods. a) Kamiya ( 14) and Rechtschaffen, Goodenough, and Shapiro (18) have noted that most sleep talking occurs during body movements in NREM periods. Since brain waves during sleep talking are generally obscured by muscle tension, it is difficult to say whether a subject was in an NREM stage at the moment of speaking. However, the subject does seem to be asleep while speaking, because if he is aroused shortly afterwards, he general-ly cannot remember either having spoken or anything he said. The content of the speech often :'sounds li~e" a continuation of on-gomg mentation, e.g., occasionally subjects speak in their sleep as if they were giving us experimental reports of some immediately preceding mental activity. b) Two of seven subjects we tested showed evidence 'of incorporating external stimuli presented during NREM periods in the content of their mentation, thus providing us with a temporal landmark for the mentation. For example, during one NREM period (Stage 2), the following sequence of stimulation was presented to a subject: 67 seconds after the subject showed a slight body movement, a 500 cps tone was presented below waking threshold for seven seconds. This was followed in turn by 27 seconds of no stimulation, a second presentation of the tone, and an additional 32 seconds of no stimulation. Then the subject was awakened by a loud buzzer. He reported that he dreamt he was standing on a rock talking with someone, then: " a little whistling tone was going on and then it went off. And (the other person) said 'Oh, you had better get things over with quickly, because you may have to wake up soon' ... I just said 'Oh!' to this, and I think I heard the whistling noise again. . . . Then the same scene was there for some time, and I was just walking around trying to think of what was going on." The subject then described being awakened. On questioning, although he overestimated all the time intervals in the sequence of stimulation, he maintained roughly the correct relative duration of stimulation and non-stimulation periods.
In summary, it seems there is a variety of mental activity during sleep, ranging from the vivid, often bizarre material of dreams to less dramatic mentation which resembles waking thought. How the different types of mental activity are related to each other remains to be investigated.
Finally, the results of the study reviewed here should be compared with those of Goodenough et al. (12) . They found that subjects who rarely remembered dreams showed more slow alpha during REM periods than dream recallers. They suggested that this correlation of poor dream recall with alpha activity might be mediated by the less vivid, more conceptual mentation associated with a failure of the alpha blocking response. Thus subject differences in recall are correlated with differences in EEG pattern within REM periods. This correlation parallels the one between recall and EEG-sleep stage. The parallel suggests a functional similarity between alpha rhythm and the spindle and delta waves of NREM periods. From this parallel we might speculate that spindle and delta waves might exhibit the same type of excitability cycle that Bishop and Bartley (3) (4) and, more recently, Lansing (16) have demonstrated for the alpha rhythm. These investigators found that visual stimuli got through to the cortex only during certain phases of alpha waves. If delta and spindle activity were to show similar phases of excitability and nonexcitability, we might understand why both alpha activity during REM periods and the delta and spindle activity of NREM periods are associated with poor recall and non-vivid imagery as compared with the good recall and vivid imagery associated with low voltage, desynchronized EEG activity.
Additional Comments
It may seem paradoxical that subjects describe REM periods as deepest sleep and least like waking thought, in view of the traditional association of Stage 1, REM with light sleep. However, this association is based upon reports of lower waking threshold and shorter reaction times to tones presented during Stage 1. (5) (7). Other responses, besides awakening to perceived stimuli, may show different kinds of relationships to EEG stage. For example, most RE\1 activity occurs late in the night when body temperature is lowest, although a specific moment-tomoment correspondence between this measure and EEG stage has not been documented. Hawkins et at. (13) observed that skin resistance sometimes rose as REM periods began and fell when they ended. Rechtschaffen and Maron (17) found that if dextro amphetamine sulphate," a drug known to facilitate wakefulness, is administered just prior to bedtime, and if the subject is able to sleep, the proportion of REM time is markedly reduced as compared with normal sleep. Thus REM periods may represent intervals of quiescence for certain types of physiological activity. This inference, in turn, suggests the possibility that Dement's dream deprivation phenomenon (8) results from deprivation of certain types of physiological rest rather than from interruption of the psychological experiences of dreaming. Until we can dissociate the physiological state from the psychological experience, we will not be able to choose between the alternative interpretadons.
Summary
The variety of mental activity during sleep was investigated by obtaining reports of this activity upon awakening from two different kinds of sleep: (1) REM (rapid eye-movement) periods, which are characterized by a low voltage, random EEG and the presence of rapid eye-movements, and (2) NREM periods, which are characterized by 12-14 cps sleep spindles and/or slow, high amplitude delta EEG activity and the absence of rapid eye-movements. A total of 186 awakening reports were obtained from 17 subjects who spent from one to three nights each sleeping in the labor-atory. As had been described in earlier investigations, reports of mental activity during sleep were obtained more frequently on awakenings from REM periods than on awakenings from NREM periods. However, a considerable amount of mental activity was obtained on NREM awakenings. As compared with REM period mentation, this NREM mental activity was described as more like thinking and less like dreaming, less vivid, less visual, more conceptual, under greater volitional control, more plausible, more concerned with the contemporary life of the subject, occurring in lighter sleep, less emotional, and more pleasant. The NREM mental activity was interpreted as resembling the unfocused, floating, background mentation of waking life, and it was hypothesized that the poor recall for this type of mentation might be related to its relative lack of perceptual intensity.
Resume
Une etude a ete faite des diverses formes d'activite mentale au cours du sommeil au moyen de rapports sur cette activite lors du reveil, au sujet de deux differentes sortes de sommeil: (1) periodes de mouvements oculaires rapides, caracterises par une basse tension, un EEG imprecis et la presence de mouvements oculaires rapides, et (2) 
